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Abstract: Dyslipidemia is highly prevalent among women. The management of dyslipidemia 
is a cornerstone in the prevention of both primary and secondary cardiovascular events, such as 
myocardial infarction, ischemic stroke, and coronary death. All major international guidelines on 
the treatment of dyslipidemia recommend similar approaches to the management of dyslipidemia 
in both men and women. Estrogen replacement therapy should not be considered as a therapeutic 
option for managing dyslipidemia in women. The reduction of atherogenic lipoprotein burden 
(reducing low-density lipoprotein cholesterol and non-high-density lipoprotein cholesterol 
based on risk-stratified thresholds and treatment targets) provided the framework for manag- 
ing dyslipidemia in the US, Europe, Canada, and elsewhere in the world. Very recently, new 
guidelines in the US have changed this paradigm, whereby rather than focusing on treatment 
targets, risk now defines the intensity of treatment with statin therapy, with no specific goals for 
what level of low-density lipoprotein cholesterol should be attained. It is not clear if this will 
lead to changes in lipid guidelines in other parts of the world. In the meantime, region-specific 
guidelines should be followed. Lipid lowering with statin therapy does correlate with reduc- 
tions in cardiovascular event rates in women. The clinical impact of treating dyslipidemias in 
women with nonstatin drugs (eg, fibrates, nicotinic acid, bile acid-binding resins, omega-3 fish 
oils) is as yet not determined. 

Keywords: dyslipidemia, high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, triglycerides, statins 

Introduction 

Cardiovascular disease is the leading cause of death for women in the US. 1 It is estimated 
that one in every two women die of a heart-related disorder, which represents more 
deaths than due to cancer, chronic lung conditions, and accidents combined. 2 While there 
is a gap of approximately 10 years in mortality rates between women and men, each 
year the number of cardiovascular deaths in women are similar to those in men. 3 The 
risk factors for heart disease such as hypertension and smoking in women are similar to 
those found for men. Abnormal cholesterol levels with elevated low-density lipoprotein 
cholesterol (LDL-C) or low high-density lipoprotein cholesterol (HDL-C) have been 
well established as modifiable risk factors for cardiovascular disease in both men and 
women. 4 5 Cross-sectional surveys from the US have shown that up to 20% of women 
have hypercholesterolemia, with total cholesterol levels >240 mg/dL, and a larger 
number require medical therapy. 6 A number of randomized controlled trials over the past 
25 years have shown that treatment of hypercholesterolemia with statins has reduced 
cardiovascular events in women with established heart disease. 7 While similarities exist 



submit your manuscript | www.dovepress. 
Dovepress 

http://dx.doi.org/ 1 0.2 1 47/IJ WH.S38 1 33 



International Journal ofWomen's Health 2014:6 185-194 



185 



© 2014 Phan and Toth. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution - Non Commercial (imported, v3.0] 
| License. Ihe full terms of the License are available at httpy/creatrvecommons org/hcenses/by-nc/i 0/ Non-commercial uses of the work are permitted without any further 
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at http://wwwdovepress.tom/permissionsphp 



Phan and Toth 



Dovepress 



between men and women in terms of attendant risk associated 
with abnormal lipoprotein levels, there exist several important 
biological differences that are unique to women and affect the 
understanding and management of their lipid disorders. In this 
review, we address the etiology of dyslipidemia in women, 
the impact of menopause and hormone replacement therapy 
(HRT) on lipids and lipoproteins, and emphasize the urgent 
need to increase screening for and treatment of dyslipidemia 
in women so as to reduce the risk for cardiovascular morbid- 
ity and mortality. 

Etiology and pathogenesis 
of dyslipidemia in women 

Lipid and lipoprotein primer 

In guidelines around the world LDL-C is designated as the 
primary target of therapy in patients with dyslipidemia. 8-10 
LDL-C and non-HDL-C (defined as total cholesterol minus 
HDL-C, a surrogate measure of total atherogenic lipoprotein 
burden in serum) targets in patients at risk are risk-stratified 
(ie, the higher the risk, the lower the LDL-C target). HDL-C 
levels have an inverse relationship with risk for CHD in both 
men and women. The lower the HDL-C level, the higher the 
risk. HDL-C is a remarkably good predictor of CHD risk; 
however, it is not a target of therapy. Lipoprotein(a) [Lp(a)] 
is an emerging risk factor that correlates highly with risk for 
CHD. 11 12 Apoprotein B100 is the primary apoprotein con- 
stituent of atherogenic lipoprotein particles. Apolipoproteins 
A-I and A-II are the most important apoprotein constituents 
of HDL particles. 

The liver secretes large triglyceride-rich very low- 
density lipoproteins (VLDLs) that aid in the distribution of 
oxidizable substrate (fatty acids) to systemic tissues. The 
triglycerides in VLDLs are progressively hydrolyzed by 
lipoprotein lipase to form intermediate-density lipoproteins 
and then LDL particles. The liver expresses LDL receptors 
to clear LDL particles from the circulation. Alternatively, 
LDLs can be taken up into the subendothelial space and 
drive atherogenesis. 

In the setting of insulin resistance and diabetes mellitus, 
the activity of lipoprotein lipase is reduced. VLDLs can be 
incompletely lipolyzed yielding increased serum levels of 
VLDL remnants and less formation of intermediate-density 
lipoproteins and LDLs. As VLDLs and triglycerides accumu- 
late in serum, cholesterol ester transfer protein is activated. 
This enzyme catalyzes a 1 : 1 stoichiometric exchange reac- 
tion whereby cholesterol esters from HDL and LDL particles 
are exchanged for triglycerides out of the VLDLs and their 
remnant particles. In this process, the HDL and LDL particles 



become progressively more enriched with triglycerides, 
rendering them more susceptible to lipolysis by hepatic 
lipase. The HDL particles are catabolized and cleared by 
the kidney, resulting in lower serum levels of HDL-C. In 
addition, HDL-C levels decrease further secondary to the 
following: there are three insulin response elements in the 
gene for apolipoprotein A-I, and as the liver becomes insulin- 
resistant, it produces less apolipoprotein A-I and engages 
in less de novo HDL biogenesis; in the setting of insulin 
resistance, adipocytes produce fewer HDL particles; and 
chylomicrons produced by the jejunum contain significant 
amounts of apolipoprotein A-I. 13 With reduced lipoprotein 
lipase activity, surface coat constituents containing apolipo- 
protein A-I are not released. Under normal metabolic condi- 
tions, these apolipoprotein A-I moieties are lipidated to form 
HDL in serum. LDL particles enriched with triglycerides are 
lipolyzed into smaller, denser, and more numerous particles. 
Some evidence suggests that these smaller particles are more 
atherogenic than larger, less dense LDL particles. 

Lipoprotein levels across 
a woman's lifetime 

Women experience a number of hormonal changes through- 
out their lifetime, including those changes associated with 
puberty, menarche, pregnancy, and menopause. Each of these 
hormonal perturbations can alter serum lipoprotein levels. 14 ' 15 
At birth, and throughout childhood serum cholesterol levels 
are similar between boys and girls. In both sexes, total cho- 
lesterol starts around 65 mg/dL at birth and increases to an 
average level of 165 mg/dL by 2 years of age. 16 While total 
cholesterol and LDL-C are similar in childhood there are 
observed differences in the LDL subclasses. Freedman et al 
noted in the Bogalusa Heart Study of 918 teenagers aged 
10-17 years, that boys had a smaller LDL particle size as 
compared with girls. 17 LDL-C levels tend to increase in both 
men and women after the age of 20 years, but do so more 
rapidly in men. 18 Starting during puberty and continuing into 
early adulthood HDL-C concentrations decrease in men 
while staying constant in women. 18 This HDL-C reduction, 
beginning at puberty and sustained throughout adulthood 
translates into an observed approximately 10-point lower 
HDL-C level in men as compared with women. 8 Differences 
in HDL subclasses have also been noted between male and 
female adolescents. In the Bogalusa Heart Study, boys and 
male adolescents had smaller HDL particle size as compared 
with females. Also, while the levels of large HDL particles 
generally decrease with age in boys, girls tend to have 
stable levels of large HDL. 19 These lipoprotein differences 
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between the sexes starting in childhood are hypothesized 
to be partly responsible for the lower risk of cardiovascular 
events observed in premenopausal women as compared with 
age-matched men. 15 

During pregnancy, levels of a number of hormones, 
including human chorionic gonadotropin hormone, beta- 
estradiol, insulin, and progesterone, are significantly 
increased. These spikes in hormone levels are associated with 
increases in total cholesterol, triglycerides, and LDL-C. 14,20,21 
Peak levels of LDL-C occur at 36 weeks during pregnancy. 20 
Similarly, pregnancy is associated with an increase in total 
HDL-C, HDL2, and apolipoprotein Al concentration, with 
maximum levels at week 25 of pregnancy. 20,22 While there is 
an increase in HDL-C during pregnancy, levels of HDL-C, in 
particular HDL-2, and the HDL-C/total cholesterol ratio have 
been observed to decrease post-pregnancy to levels below 
prepregnancy levels. 23 Possible hypothesized mechanisms for 
the post partum decrease in HDL-C levels include an increase 
in the pregnancy-related androgen, dehydroepiandrosterone 
sulfate, which has been associated with low HDL levels in 
women with polycystic ovary syndrome. Additionally, pro- 
longed insulin resistance and pregnancy-induced diabetes 
mellitus may explain the observed decline in HDL-C levels 
following pregnancy. 24 Lp(a) is an LDL particle conjugated 
with apoprotein(a). Serum levels of Lp(a) are genetically 
determined, and have been found to be significantly elevated 
in pregnant women as compared with nonpregnant women. 22 
Zechner et al noted that fluctuating changes in Lp(a) lev- 
els seen in 42 pregnant women did not mirror the trend 
normally seen with other lipoproteins during pregnancy. 25 
Additionally, the observed lack of correlation between Lp(a) 
and pregnancy-related hormones, such as human chorionic 
gonadotropin hormone, estradiol, and progesterone, suggests 
independent metabolic control of Lp(a). 

Several epidemiologic studies have shown that postmeno- 
pausal women tend to have significantly different lipid pro- 
files as compared with premenopausal women. 26 - 27 A number 
of lipoprotein changes occur that characterize the menopausal 
transition. 28 Post-menopausal women have increased levels of 
LDL-C, total cholesterol, and apolipoprotein B as compared 
with premenopausal women. In the Framingham Study, 
investigators documented an increase in cholesterol levels 
that coincided with menopause, suggesting a causal role of 
menopause in altering lipid levels. 29 In addition to a higher 
LDL-C, investigators have noted menopause to be associated 
with a transition in LDL particles to more atherogenic smaller 
and more dense particles. 30 Total HDL cholesterol and HDL2 
also decrease in postmenopausal women. 31 Elevated Lp(a) 



levels has been associated with an increased CHD risk and 
has been reported to increase in women following total hys- 
terectomy and oophorectomy. 32 

Interestingly, no clear association has been documented 
between natural menopause and changes in Lp(a) levels. 33 
In contrast with the surgical menopause data, Jenner et al 
showed that postmenopausal women participating in the 
Framingham Offspring Study had 8% greater Lp(a) levels 
than premenopausal women. 33 The change in lipoprotein 
profile with the observed increase in total cholesterol, tran- 
sition to more atherogenic LDL particles, and reduction in 
HDL-C is believed responsible for the increased risk for 
cardiovascular events in women after menopause. While 
most epidemiologic studies have reported changes in cho- 
lesterol values in response to menopause, a few studies have 
shown no association. In a study of 148 premenopausal and 
75 postmenopausal Native-American Pima women, Hamman 
et al showed no significant difference in cholesterol values. 
This suggests that additional race-specific factors may impact 
the lipid/lipoprotein changes characteristic of menopause. 34 
While the effects of menopause on cholesterol levels are often 
described using premenopausal and postmenopausal cohorts 
of women, true longitudinal studies documenting the effects 
of age-related cholesterol changes spanning the menopausal 
period are limited. 

Cardiovascular effects 
of hormone therapy 

Oral contraceptive (OCP) use is known to alter lipoprotein 
levels depending on the relative concentration and presence 
of estrogen and progesterone. 35 The estrogen component 
found in OCPs tends to increase HDL-C, HDL2, and trig- 
lyceride levels and decrease LDL-C levels. Tikkanen et al 
showed that the increase in HDL and HDL2 is mediated 
in part by the ability of estrogen to reduce hepatic lipase- 
dependent catabolism of HDL particles. 36 Conversely, the 
progesterone component has been noted to have lipoprotein 
effects that are opposite to those of estrogen. After discon- 
tinuation of OCPs, lipoprotein levels appear to return to 
pretreatment levels. While OCPs have been associated with 
an increased risk for venous thromboembolism, the risk for 
cardiovascular events such as myocardial infarction and 
ischemic stroke appears variable across a number of studies 
and has not been well established. 37 In addition, investigators 
have noted that many women who have been documented 
to have had a cardiovascular event on OCPs have had tra- 
ditional cardiac risk factors that would predispose them to 
CHD events independent of their OCP use. 38 
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Given the adverse lipoprotein changes and associated 
risk for CHD observed in women after menopause, there 
was considerable interest in using HRT to modify the 
negative cholesterol changes and subsequently improve a 
woman's cardiac risk profile after menopause. Similar to 
OCPs, use of HRT is associated with a number of lipopro- 
tein changes. In postmenopausal women, use of HRT with 
unopposed estrogen is associated with significantly higher 
HDL-C and HDL 2 and lower LDL-C as compared with pre- 
menopausal women. 39 In menopausal women who received 
HRT, Matthews et al did not find the naturally observed 
decreases in HDL-C commonly seen in menopause. 31 On 
the contrary, they noted increases in apolipoprotein A-I and 
A-II (the two most important apoprotein constituents of HDL 
particles) in postmenopausal women taking HRT as compared 
with women not on HRT. Combination HRT appears to negate 
the increases in HDL seen with estrogen monotherapy. In the 
Postmenopausal Estrogen and Progesterone Interventions 
trial, investigators noted that combination HRT which 
included progesterone was associated with a significantly 
smaller increase in HDL-C and triglycerides as compared 
with estrogen-only HRT. 40 Changes to LDL particle size have 
also been observed with combination hormone therapy using 
estrogen and progesterone. In a small study, Wakatsuki et al 
showed that 3 months of treatment with estrogen in 24 healthy 
postmenopausal women resulted in decreased LDL particle 
size and a change from pattern A (consisting of larger LDL 
particles) to a more atherogenic pattern B (consisting of more 
small and dense LDL particles). 41 While no clear association 
has been noted with Lp(a) levels and menopause, in a small 
study by Soma et al, Lp(a) was shown to decrease in a group 
of ten women on combination HRT. 42 In addition to the lipid 
effect, HRT has been shown to have a number of other benefi- 
cial biological effects on the cardiovascular system, including 
antiplatelet and vasodilatory properties. 43 

Based upon data from epidemiologic studies and early 
small nonrandomized observational trials, hormone replace- 
ment after menopause was believed to reduce the risk of 
cardiovascular events. In one population study, the Nurse's 
Health Study, postmenopausal women on HRT had a reduc- 
tion of 37% in the relative risk of death as compared with 
women not on HRT. 44 Additionally, in 2,270 white women 
aged 40-69 years of age from the observational Lipid 
Research Clinics study, estrogen use was associated with 
a relative risk of cardiovascular death of 0.34 as compared 
with nonusers. 45 A meta-analysis of 32 epidemiologic stud- 
ies published between 1970 and 1992 showed a significant 
reduction of 35% in the relative risk of CHD in women on 



estrogen-only HRT. 46 In their conclusion, the authors of this 
meta-analysis recommended use of HRT particularly for 
women who have had a hysterectomy, have CHD, or are at 
high risk for cardiovascular disease. While epidemiologic 
and observational studies suggested a cardiovascular benefit 
of HRT, data from randomized controlled trials failed to 
confirm these benefits. In the Heart and Estrogen/Progestin 
Replacement Study, 2,763 postmenopausal women with CHD 
were randomized to treatment with conjugated equine estro- 
gen plus medroxyprogesterone acetate or placebo. 47 After an 
average follow-up of 4 years, use of HRT was associated with 
an 11% reduction in LDL-C and a 10% increase in HDL-C, 
but this beneficial lipid change was not associated with sig- 
nificant improvement in CHD events. In the Women's Health 
Initiative (WHI) study, 10,739 postmenopausal women were 
randomized to conjugated equine estrogen or placebo. 48 After 
an average follow-up of 6.8 years, the study was stopped 
early due to a significant increase in the risk of stroke in the 
estrogen-only treated women, with a hazard ratio for total 
cardiovascular disease of 1.12 (95% confidence interval 
[CI] 1.01-1.24). Based upon these randomized controlled 
trials, treatment guidelines were subsequently updated with 
removal of the recommendation for use of HRT in women 
to prevent CHD events. 49 

Dyslipidemia risk in women 

Multiple lines of evidence have consistently shown an asso- 
ciation between increased CHD risk and abnormal levels of 
lipoproteins. 4,50 While elevated levels of LDL-C and triglyc- 
erides and low levels of HDL-C are independent risk factors 
for atherosclerotic heart disease, the relative risk associated 
with each lipoprotein abnormality differs between the sexes. 5 
Women generally have HDL-C levels 10 mg/dL higher 
than men. The National Cholesterol Education Panel Adult 
Treatment Panel suggests that HDL-C levels less than 50 mg/dL 
should be considered a CHD risk factor in women; this is 
10 mg/dL higher than the recommended level for men. 8 Bass 
et al calculated the WHI risk associated with different lipo- 
protein abnormalities in 1,405 women aged 50-69 years from 
the Lipid Research Clinics' Follow-up Study. 51 They noted 
that HDL-C and triglycerides were strong predictors of CVD 
death while LDL-C and total cholesterol were poor predictors 
in women. While women who had HDL-C levels less than 
50 mg/dL had a 30% increased risk for cardiovascular mortality, 
women with triglyceride levels between 200 and 399 mg/dL 
had a 65% increased risk of cardiovascular mortality. In a meta- 
analysis of 17 population-based prospective studies evaluating 
the association between elevated triglycerides and CHD risk, 
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elevated triglycerides were associated with an approximately 
30% increased risk for men and a 75% increased risk in 
women. 52 Even with adjustment for HDL-C and other risk 
factors, there remained a significant difference between the 
relative CHD risk associated with elevated triglycerides 
between men and women. Similar to men, LDL particle size 
also appears to confer CHD risk in women. 53 Young women 
with a predominance of small atherogenic LDL-C particles 
have been shown to have a significantly increased risk for early 
myocardial infarction. In addition to LDL particle size, Lp(a) 
has been shown to be an independent predictor of CHD risk 
in women. In the Heart and Estrogen/Progestin Replacement 
Study, postmenopausal women with elevated Lp(a) in the high- 
est quartile had a 54% increase in CHD events as compared 
with women having Lp(a) in the lowest quartile. 54 

Management of dyslipidemia 
in women 

Current cardiovascular disease prevention guidelines for 
women recommend lifestyle modification as the initial treat- 
ment for women with dyslipidemia. 49 Healthy lifestyle goals 
to reduce cardiovascular risk in women include smoking ces- 
sation, moderate-intensity physical activity on most days of 
the week for at least 30 minutes per day, and to achieve and 
maintain a desirable weight. For all women, the American 
Heart Association step I diet is recommended, with less than 
30% of daily calories from fat, 8%-10% of daily calories 
from saturated fat, and less than 300 mg/day of cholesterol. 
For women with established vascular disease, the step II diet 
is recommended, with less than 7% of daily calories from 
saturated fats and less than 200 mg/day of cholesterol. While 
improvement in progression of atherosclerosis and clinical 
events has been noted with lifestyle changes in men, similar 
data are lacking for women. 55,56 In the Lifestyle Heart Trial, 
men randomized to an Ornish intensive lifestyle interven- 
tion restricted to a 10% fat vegetarian diet for 5 years had 
a decrease in coronary diameter stenosis by angiography as 
compared with a control group. 55 No women were included 
in the angiographic analysis for this trial and there have not 
been any randomized controlled trials published to date show- 
ing a benefit of lifestyle intervention in women in terms of 
atherosclerosis. In the WHI Randomized Controlled Dietary 
Modification Trial, 48,835 postmenopausal women were 
randomized to an intensive behavior modification group 
designed to reduce fat intake and increase fruit/ vegetable 
intake or to a control diet. 57 After a mean follow-up of 
8 years, intensive lifestyle intervention did not reduce the 
risk of CHD. Recently, the PREDIMED (Prevencion con 



Deita Mediterranea) trial showed cardiovascular event 
reduction with dietary changes. 56 In this trial, 7,447 people 
without cardiovascular disease, including 57% women, were 
randomized to one of three diets, ie, a Mediterranean diet 
supplemented with extra virgin olive oil, a Mediterranean 
diet supplemented with mixed nuts, or a control diet. The two 
groups assigned to the Mediterranean diet had a 30% relative 
risk reduction in the primary composite endpoint of myocar- 
dial infarction, stroke, and death from cardiovascular causes. 
In a subgroup analysis, while the benefit of a Mediterranean 
diet was seen in men, the female trial participants random- 
ized to the Mediterranean diets failed to show a statistically 
significant endpoint difference as compared with women on 
the control diet (hazard ratio 0.73, 95% CI 0.5-1.07). 

Multiple randomized controlled trials over the past two 
decades have shown the benefit of lowering cholesterol 
with 3-hydroxy-3-methyl-glutaryl coenzyme A reductase 
inhibitors (statins) in patients with and without vascular 
disease (Table 1). 58-64 More recent trials have shown that 
more aggressive lipid lowering with high-dose statin therapy 
provides incremental cardiovascular benefit as compared 
with low-dose or moderate-dose statin therapy. 65 " 67 Based 
on these trials, the National Cholesterol Education Program 
has recommended statins as the initial preferred therapy 
in both men and women to treat hypercholesterolemia and 
lower CHD risk. 8 Despite this recommendation, there is 
ongoing controversy regarding whether the cardiovascular 
benefit observed in men is present and equivalent in mag- 
nitude in women, particularly for those women who do not 
have established heart disease. 15 The early lipid-lowering 
trials either did not include women participants or had 
small numbers of female participants and were not able to 
show a sex-specific benefit of lipid therapy. 59 ' 62,68 In an early 
meta-analysis of five randomized, controlled, primary and 
secondary prevention statin trials with 30,817 participants, 
LaRosa et al showed that, overall, statin therapy was associ- 
ated with a 28% reduction in LDL-C and an overall 31% 
reduction in risk for major coronary events. 69 The observed 
risk reduction in major coronary events was noted to be 
similar between women (29%) and men (31%). However, 
because of insufficient data and the small sample size in 
several of the trials, the investigators were unable to provide 
any conclusions regarding a sex-specific mortality benefit of 
statin therapy. In addition, the investigators did not stratify 
their analysis by primary versus secondary prevention trials to 
determine whether there was equivalent benefit between 
these two groups in women. In a subsequent meta-analysis 
of 13 lipid-lowering trials, Walsh et al 70 assessed the benefit 
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Table I Relative risk reductions in women in statin trials 



Trial 


Intervention 
type 


Treatment 


Women (%) 


Primary endpoint 


Relative risk in 
women (95% Ci) 


JUPITER 71 


Primary 


Rosuvastatin 20 mg/day 
versus placebo 


6,801 (38) 


Ml, stroke, unstable angina, 
CHD death, revascularization 


0.54 (0.37-0.80) 


AFCAPS/TexCAPS 85 


Primary 


Lovastatin 20-40 mg/day 
versus placebo 


997 (IS) 


Sudden cardiac death, 
Ml, unstable angina 


0.54 (0.22-1.35) 


4S 86 


Secondary 


Simvastatin 20—40 mg/day 
versus placebo 


827 (19) 


All-cause mortality, 
CHD death 


1.16 (0.68-1.99) 


CARE 87 


Secondary 


Pravastatin 40 mg/day 
versus placebo 


576 (14) 


CHD death, Ml 


0.57 (0.34-0.96) 


LIPID 88 


Secondary 


Pravastatin 40 mg/day 
versus placebo 


1,516 (17) 


CHD death, Ml 


0.89 (0.67-1.18) 


HPS 89 


Primary/secondary 


Simvastatin 40 mg/day 
versus placebo 


5,082 (25) 


CHD death, Ml, stroke, 
revascularization 


0.80 (0.70-0.92) 



Abbreviations: CHD, coronary heart disease; CI, confidence interval; JUPITER, Justification for the Use of Statins in Prevention, an Intervention Trial Evaluating Rosuvastatin; 
AFCAPS/TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; 4S, Scandinavian Simvastatin Survival Study; CARE, Cholesterol and Recurrent Events Trial; 
LIPID, Long-term Intervention with Pravastatin in Ischemic Disease Study; HPS, Heart Protection Study; Ml, myocardial infarction. 



of lipid therapy on CHD events and mortality in women 
with and without established cardiovascular disease. 49 The 
13 trials in their analysis included 17,891 women, with one 
third having a diagnosis of CHD. In women who had CHD, 
treatment with lipid-lowering agents was associated with a 
29% reduction in nonfatal myocardial infarction (relative 
risk 0.71, 95% CI 0.58-0.87) and a 26% reduction in CHD 
mortality (relative risk 0.74, 95% CI 0.55-1.00). In women 
without established CHD, lipid therapy was not associated 
with a significant reduction in nonfatal myocardial infarction 
(relative risk 0.61, 95% CI 0.22-1 .68) or cardiovascular mor- 
tality (relative risk 1.07, 95% CI 0.47-2.40). Total mortality 
was not lowered in either the primary or secondary preven- 
tion groups for women. The lack of a significant benefit for 
CHD events or CHD mortality in women demonstrated by 
this meta-analysis of primary prevention may be explained 
by the small number of events (21 total CHD deaths, 14 total 
nonfatal myocardial infarction) in the lower-risk primary 
prevention population and the relative short duration of 
follow-up in the studies (2.8-6 years). 

More recently, the cardiovascular benefit of statin therapy 
in primary prevention of CHD in women was again inves- 
tigated in a post hoc analysis of the Justification for the use 
of Statins in Prevention: An Intervention Trial Evaluating 
Rosuvastatin (JUPITER). 71 In JUPITER, 6,801 women and 
1 1 ,00 1 men with elevated high-sensitivity C-reactive protein 
greater than 2 mg/L and LDL-C less than 130 mg/dL were 
randomized to rosuvastatin or placebo. Overall, the study 
showed a 44% reduction in the primary composite endpoint 
of myocardial infarction, stroke, revascularization, unstable 
angina, or CHD death. In women, while there was a sig- 
nificant benefit observed for reduction in the endpoint of 



revascularization/unstable angina (hazard ratio 0.24, 95% CI 
0.11-0.51), there was no significant reduction in nonfatal 
myocardial infarction (hazard ratio 0.56, 95% CI 0.24-1 .33) 
or CHD death (hazard ratio 0.73, 95% CI 0.48-1.13). While 
the National Cholesterol Education Program Adult Treatment 
Panel recommends statin therapy as the primary treatment 
in both men and women with hypercholesterolemia, it does 
acknowledge the weakness of the available data on primary 
prevention for women. 8 The National Cholesterol Education 
Program Adult Treatment Panel guidelines note that the ratio- 
nale for recommending statin therapy for primary prevention 
is based on extrapolation of the benefit observed in men with 
similar risk, although no clear significant outcomes trials exist 
in this risk category for women. 

The efficacy of other lipid-lowering medications in 
reducing the risk of cardiovascular events is highly ques- 
tionable. Gemfibrozil therapy was evaluated in both pri- 
mary and secondary prevention settings in the Helsinki 
Heart Study and the Veterans Administration High Density 
Lipoprotein Intervention trial, and both met their primary 
composite endpoint. Unfortunately, neither trial included 
women. 68 72 Among patients with diabetes mellitus, feno- 
fibrate did not provide a statistically significant reduction 
in cardiovascular events when used either as monotherapy 
or in combination with a statin. 73 - 74 Two recent niacin/statin 
trials that included women were both negative. 75 - 76 The 
addition of high-dose niacin therapy to a statin background 
provided no incremental reduction in risk for cardiovascular 
events. The only outcomes trial that used a bile acid-binding 
resin (cholestyramine) did not include women. 77 In the 
IMPROVE-IT (IMProved Reduction of Outcomes: Vytorin 
Efficacy International Trial) trial, men and women who are 
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status post acute coronary syndrome are being randomized to 
therapy with simvastatin versus simvastatin and ezetimibe. 78 
This trial is expected to achieve completion in 2014. Among 
men and women with chronic kidney disease (mean glomeru- 
lar filtration rate 27 mL/minute/ 1 .73 m 2 ), the combination of 
simvastatin/ezetimibe did reduce the risk of cardiovascular 
events in patients not receiving dialysis. 79 Consequently, at the 
present time, there is no outcomes-based evidence to support 
the use of adjuvant lipid-lowering therapy over and above 
statin therapy in women, with the exception of those with 
chronic kidney disease and not on dialysis. Nonstatin therapy 
can be considered in women as first-line therapy if they are 
statin-intolerant (eg, develop myalgia, motor weakness, evi- 
dence of myopathy with elevated serum creatine kinase, or 
elevated serum transaminase or bilirubin levels). In women 
with severe hypertriglyceridemia (serum triglycerides >500 
mg/dL), the risk for pancreatitis is substantially increased. In 
these patients, it is important to reduce serum triglycerides by 
lifestyle modification (exercise and smoking cessation which 
can relieve insulin resistance and lower triglycerides), restrict 
intake of saturated fat, and pharmacologic intervention. 
Consideration should be given to fenofibrate and high-dose 
omega-3 fish oil therapy, because these agents substantially 
reduce serum triglyceride levels. However, they have not been 
shown to reduce the risk of pancreatitis in patients with severe 
hypertriglyceridemia. Gemfibrozil should not be combined 
with a statin because of the significantly increased risk for 
myopathy and rhabdomyolysis. 80 Gemfibrozil reduces the 
glucuronidation and elimination of statins. 8182 

The recently released 2013 American College of 
Cardiology/ American Heart Association guideline on the 
treatment of blood cholesterol to reduce atherosclerotic car- 
diovascular risk in adults has moved away from LDL-C treat- 
ment thresholds and targets. 83 Instead, it advocates use of the 
new pooled cohort risk equations to estimate risk in patients 
in the primary prevention setting. 84 Among men and women 
with established clinical atherosclerotic cardiovascular disease 
(acute coronary syndromes [myocardial infarction or unstable 
angina] or a history of revascularization, stroke, transient isch- 
emic attacks or peripheral arterial disease, without heart failure 
or receiving hemodialysis), daily treatment with high-intensity 
statin therapy (atorvastatin 40-80 mg or rosuvastatin 20-40 mg) 
should be initiated. Those with primary elevations of LDL cho- 
lesterol > 1 90 mg/dL should also be treated with high-intensity 
statin therapy because these patients are likely to have familial 
hypercholesterolemia. Patients with type 1 or 2 diabetes, 
aged 40-75 years, with LDL-C 70-189 mg/dL, and without 
clinical atherosclerotic cardiovascular disease should be treated 



with moderate-intensity statin therapy (atorvastatin 10-20 
mg, rosuvastatin 5-10 mg, simvastatin 20^10 mg, pravastatin 
40-80 mg, lovastatin 40 mg, fluvastatin XL 80 mg, fluvastatin 
40 mg twice daily, or pitavastatin 2^4 mg). Treatment with a 
statin is not recommended if the 10-year estimated risk for 
atherosclerotic cardiovascular disease-based events is <7.5% 
and the patient is 40-75 years of age with an LDL-C of 70-1 89 
mg/dL and has not previously been diagnosed with diabetes 
mellitus or CVD However, if such a patient has a risk that 
exceeds 7.5%, then moderate-intensity to high-intensity statin 
therapy is recommended. It was also recommended that, in 
patients who are intolerant of statin therapy because of myalgia, 
consideration should be given to: temporarily discontinuing 
the statin; evaluating the patient for thyroid, renal, or hepatic 
dysfunction; ruling out polymyalgia rheumatica, drug-related 
myopathy, vitamin D deficiency, or primary muscle disorders 
(including mitochondriopathy); and then restarting the statin 
at a lower dose or switching to another statin. Low-dose statins 
in combination with nonstatin therapy, or the exclusive use of 
nonstatin therapy, is advised only when the patient is unable 
or unwilling to take statins. 

Conclusion 

Heart disease remains the leading cause of death in women. 
Dyslipidemia is highly prevalent among women. Women 
undergo a number of hormonal changes throughout their 
lives that have significant effects on lipoprotein metabolism. 
With menopause, women experience a worsening of their 
lipid profile, with transition to higher and more atherogenic 
dyslipidemia. While hormone replacement therapy is associ- 
ated with a more favorable lipid profile, it does not reduce 
the risk of CHD. Although women tend to have a higher 
baseline HDL-C than age-matched and weight-matched 
men, a clinician should not simply assume that a high 
HDL-C will mask the risk associated with a high LDL-C 
or non-HDL-C. Women in the primary prevention setting 
should undergo risk assessment, with statin therapy initi- 
ated based on guideline recommendations. Women with 
established atherosclerotic cardiovascular disease should 
be treated with a statin. Statin therapy has been shown to 
be efficacious in women. Statins and other lipid-modifying 
medications should be used in a manner that is consistent 
with regional guidelines. 
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